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EXHIBIT G 



ILIRPBOPOSAIi 

Development of a Veue^elan Equine Encephalitis Viras Replicon as a Universal 
Vaccine Vector. 

INTRODUCTION AND BACKGROUND 

Because of serioua deficiencies in the existog vaodnea ^^^''''^^^J^l 
e^c^StS USAMRim has initiated a vaccine d«vd^tp«^ to 
Wuce an improved live vaccine. This program w ^Jlit 
^do^XTaflows the generation of vacdnc ce^^dates wvdi preas^ 
tecpnoiuK^ -4.™^„«-c TWfl pffort. vrfaich is a collaborative project between 
^f^l^l^iol^gy^^^tl^Rro and an extramural contactor at 
fi^^W^ ofNo^C^Sm, baa been succes^ in the generabon of several 
^^«enfly bking tested in various animal ^-^^ J^^^ 
candittates w mteirected mutagenesis te«*miiues to insert multiple. 

SX^aSSi^X^m'teSJ^rfbll-len^h cDNA dones of VBB ™J 
SS^eSs V Jdne candidates can be recovered by transfecUon of transcribed 
RNA into susceptible cella. 

This abiKty to mauipulate the genome of positive-stranded BNA vixusee s^ as 
V^'v^Sid to recS^ modified, but infectious vmons. ^-V^^ftZlsLy 
^s^caiion. transcriptkm, and protein expression to an extent not V^^^ 
^iur^S^ the va«Le development studies, it ^ J^^^^^^o^' 
S^E virus was much more tolerant of maaor changesm its genome ^•wl^^^^ 
^S.stiZSo™etc) than had been assumed, "nito HJB study pro^?e« to 

^^S^. bacterial/protozoal, and torin vaccmes withm both the BDUP and 



the IDRP. 



Receniav Liljestrom and Garrof (1) have described a unique expression system - 

.2^/;5?t^phaviru3. Semlild ^<>^^ T^^^^^^^Zt^^ c^ 

SS^xpression levels of heterologous genes ^vto (up to 20% 

SSei^ M this system, the gene to be expressed is maertedmplaac^ liie^^ 

t^mscri?^ Plasmid "t^J^^ the 

^v^S^^e^<nm RNX transcribed firom^pjasnpdmjto^fcs^t^^ 
viSl re^cation ^d trwiscriptiim fonctionB int«|#, and wb^ lr«is^^ xo^ 
sti^cep^ble cd^ is repUcated, transcribed, and trww^ 

This renbcating KNA, <^r "^«»^coti^ can be pa<^^ 
if struSural protein ^nes a« provided la a secohd ("helper ) r6pb«M 



^bich is cotransfected with the first. The helper repbcon need ^ot^T.^ J^^^ 
^o^ctural genes for its own repUcation and transcnption as 
^^Wided.4traafi,bythefir8trepKcon. 

S for alp i3 contained within a nonstructural gene, only the r^hcon 

^contai^ig the nonslxuctural genes and the foreign g«« « «*^"P»^*^^ 
^agedinto^partidea. The Tiral coat proteins provide the rephcon with the 
Same cell specificity and infectivity as the nornml virus. However^ the 
fl^ctnral protein gsnsa are absent, the infecti^ parades ^^^^J^^. 
r^con-infected cella are capable only of a ain^e round of «>>^^%f^'^^^ 
^sequenUy infected cella during which the foreign gene is efficiently e^essed. 
This iSabihty for sustained repUcation, as weU as the hyh ^^^^f'^^^^ 
adrieved. should make an alphavirus repKcon an exceptionaHy safe and veraatile 
vaodne vector system. 

The potential use of the SFV repHcon as a vacdne vector was not addressed 
bv lilieatrom and Garrof, and would be problematic as 1) homologous 
ScwaWnation has been observed between their recombinant and helper rephcons 
iSSln^e^eration of wild type SFV ^dx is a human pathog^i. ^d 2) 
the SFV repUcon was not designed or produced ^^"^-^^.P^^*"^^^!^ 
studies proposed here wiH construct a repUcon system smular to tibe SFV system^ 
JS^C? one of the genetically defined, multiply a««nunte^^^^ 
candidates developed in tbe ongoing program summarised above. Thjs vn^*^ 
Srtady been shown to be attenuated in mice, hamsters, and horses (2.3) and is 
Sdngd«veloped as a human use product. In addition. help«r Witt ^ 

conrtructed in such a way as to predude homologous recombination with the 
expression repKcon and consequent generafiDn of virulent vmis. 

SpeoofU) Research Objectives: 

I. Cwpstruction of the VEE virus repUcon and helper p l a sm lds 

These plasmids vnll be constructed from the previously described fiiH-length 
cDNA done of VEE virus in the pV3507 or other attenuated derivative plaamici 
(2 4) by introduction of aite-specific mutations. The helper plasmid wffl retem tne 
5'- and 3*-terminal mideotide sequences of the wild type viral gMioaae (which 
contain the necessary signals for repUcation and transcription), but wfll contam 
only the genes tot the viral structural proteins. The replicon plasnnd ™- 
the 5' and 3' terminal sequences and the nonstructural genes, but the structural 
' nrotefai genes wifl be deleted and the plasnnd wiD instead contain oiJy 
promoter sequences necessary for transcription of the 26S subgenomic mRNA 
followed by a multiple doning site Into which a variety of genes fiw relevaiit 
antigens can be siibeloned. 

In order to minimize the posrabiltty of reeombinatiim, we will develop also a 
series of helper replicon constructions or other "packaging systems* whidi will 
pr^ude the generation of infectious virus by recomWnation. A numbear of 



) 



DossibiKtiefl yrin be examined mdudir«, 1) helper rephcon ^^^^^^^^^^ ^ 
StaStoral genes are contained in multiple molecule*, or und^control of ^ 
SSSXr^initiation codon. 2) packaging the replicon in SF9 cells coinfected 
^th a baculovirofi construct expressing the VEE Btructural protema, and 3) 
packaging in mammalian cells expressing the structural protema from mduable 
expression syst^ns. 

2. Construction of recombiiiant repHoons und in vitro ei^presaion 

BepKoons win be generated with genes enc.3djng«ther a reiwrterg^^ 
chlOTaMph^cd acetyl transfferase (CAT), or genes enoodmg immimog^ from 
viruses known to require B cell (bunyaviruses or alphawiises) or T «^ 
(^aviruses) eflfector mechanisms for protection. In addition, genes encoding tjo 
^i^^rZroUte surfece proteins (P. yoem) will be f^^ ^J^^^^l^f^c 
investigators at the Naval Medical Research Umt, and ^^^^^T^}^ ^ 
fea^t win be studied in coUaboration with Dr. John ISCddlebrook of ihe 

Tozinology dtvision. 

The construct with the CAT gene wiU be used to ch^arteriate the 
expression potential of the rephcon system in BHK oeJls fdlowmg 
tfixsfection of the RNA. Packaging of rephcon UNA and ^^^e^if «f Pf^*;^* 
contahnng the rephcon UNA win be monitored by e^^^^^^^^^^.'^Xr of 
anti^enclpture elisa assays with exiating monoclonal «ntA^^. ^te mm^«r of 
Wwrtious units" (lU), i.e. particles containing the rephcon RNA and ^P^^ of 
binding and penetrating susceptible ceUs, will be deteimined by 
^S)fluoreBcentfoci.andan preparationa will be cheeked flw the appearance 
of infectious virus by standard plaque assays. 

a. Beplioon expreasion, immonogenicity, and pvotectiTe capacity in vivo 

FoUowing optinjization of in vitro expresaon and packaging. repKcon 
partides expressing genes of interest win be inoculated into appropriate rodent 
hosts at doses of 10" to lO* lU as a test of the vaccine vector potential of theM 
constructs. Animals win be inoculated siAcataneously, intramusculM-ly, and 
iiitranas«dy andmomtoiedforseroconveraianby disaandneutrahwtionte^ 
Animals will then be challenged with vhndont organiams to deterrnxne the level of 
protection achieved. As even 10» viral partides contain only 3 ng of vtral protem, 
it is unlikely that the animals would respond immunologically to the YEB 
' structural pn>teinB eontained in liie input partides alone. However, thw 
assunqrtion win be tested directly by 1) monitoring the immune response to toe 
VEE structural proteins, and 2) by sequentiany inoculating animals wiiii lepuoon 
partides containing genes for unrelated antigens and comparing the inomune 
responses to uninoculated animals. 



These studies are deeigned to develop a aafe vacdne vector system capable of 
hSTvrexpreseioB to deUver heterologous proteciive nnmiinog^ of viral 
^tic oJIbaXrial origin. Assuming that immtmization with the vectored gene 

is achieved with ^ckaged repUcon doses of ICf lU or less, the ss^ 
SS^cts covdd be used repeatedly in the same individual to f^vf 
Lmunizations or unrelated immunizations as seroconversion to tiie^^^ 
nackafiing proteins should be insignificant. A umqae aspect of this vector a^tem 
?s S^^ction to a single round of cell infedi^ which ^J»^P«^"^^* 
safety margin and allow a degree of <»ntrol <m the ^^"^^ ^T^^^^l^ 
posi^a wiS standard Hve-attenuated or vector-based vacanes. Sinilarly, as 
tofedious virus will not be generated in vaccinees. txajMoiBSion of wua to 
unvacdnated individuals or to invertebrate vectors will be prevented. 
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